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(54) Dispersion slope equalizer 

(57) The object of the present invention is to provide 
a compact dispersion slope equalizer by which it Is pos- 
sible to simultaneously recover distorted waveforms of 
WDM signals by dispersion slope of DSF or NZ-DSF at 
1,55 ^im band, and to compensate for the dispersion of 
various fiber transmission lines having various disper- 
sion values and variation of dispersion value caused by 
the temperature change or the like. WDM signals dis- 
torted by the dispersion slope of the fiber are Introduced 
Into an input waveguide (1, 20), and are demultiplexed 
by a wavelength demultiplexer (2, 21) into each wave- 
length component, and pass through lattice-form optical 
circuits (4-1 to 4-N), transversai-fbnn optical circuits 



(23-1 to 23-N), or the combination of these drcurts. The 
dispersion slope of the signals Is compensated for by 
these circuits. The recovered signals are multiplexed by 
a wavelength multiplexer (5, 24), and the multiplexed 
light is outputted at an output waveguide (6, 25). 
Anayed-waveguide gratings can be used as the wave- 
length demultiplexer and multiplexer. Also, cascaded 
configuration of Mach-Zehnder interferometers, bulk- 
type optical filters, or fiber-type (or waveguide-type) 
gratings In series can also be used as the wavelength 
demultiplexer and multiplexer. 
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Description 

[0001] The present invention is on a dispersion 
slope equalizer that simultaneously recovers waveforms 
of wavelength division multiplexed (WDM) signals dis- 
torted by dispersion characteristic (that is; group delay 
is different at each wavelength] in an optical fiber. 
[0002] Today, the investigation to achieve a large 
capacity optical transmission systenns is being actively 
canied out utilizing a dispersion shifted fiber (DSF) hav- 
ing zero dispersion or a non-zero dispersion shifted 
fiber (NZ-DSF) having several psec/nnrt/lcm dispersion 
at wavelength A. = 1 .55 ^jn band. 
[0003] However, when WDM transmission using 
DSF's is carried out in order to realize large capacity 
networl<s, second-order dispersion (derivative of group 
delay with respect to wavelength) is different at each 
wavelength channel as shown in Fig. 20 (relative delay 
time characteristics of DSF). This dispersion difference 
is caused by dispersion slope, namely, third-order dis- 
persion (derivative of second-order dispersion with 
respect to wavelength), whose typical value is about 
0.07 psec/nm^/l(m. As a result, the signal pulse at each 
wavelength channel is differently distorted, which limits 
(distance between repeaters). This is also the same as 
when NZ-DSF is used. 

[0004] Up to now, configuration in Rg. 21 has been 
known as a dispersion slope equalizer, which recovers 
the distorted wavefomns of WDM signals by the disper- 
sion in fibers. In Rg. 21 , dispersion compensating fiber 
(DCF) 44 is set behind fiber transmission line 43. In this 
configuration, dispersion characteristic in the fiber 
transmission line can be compensated by the DCF, 
whose dispersion has the same absolute value with 
opposite sign to that of the fiber transmission line. 
[0005] However, the prior art dispersion slope 
equalizer having the foregoing configuration has follow- 
ing problems: 

(1) by utilizing the foregoing configuration, it is pos- 
sible to compensate for dispersion slope of a 1.3 
^m band zero dispersion fiber (that is; single mode 
fiber (SMF)) at 1 .55 ^m band, but it is Impossible to 
compensate for dispersion slope of DSF or NZ-DSF 
at 1 .55 urn band, 

(2) configuration is complicated and the size is 
large, and 

(3) compensation value is fixed, and it is impossible 
to compensate for the dispersion of various fiber 
transmission lines having various dispersion values 
and variation of dispersion value caused by the 
temperature change or the like by utilizing the fore- 
going configuration. 

[0006] Considering the foregoing problems, an 
object of the present invention is to provide a compact 
dispersion slope equalizer by which it is possible to 
simultaneously recover distorted waveforms of WDM 



signals by dispersion slope of DSF or NZ-DSF at 1.55 
^m band, and to compensate for the dispersion of vari- 
ous fiber transmission lines having various dispersion 
values and variation of dispersion value caused by the 

5 temperature change or the like. This configuration com- 
prises group delay controllers comprising lattice-form 
optical circuits, transversal-form optical circuits, or the 
combination of these two circuits. 
[0007] To realize the foregoing object according to 

10 a 1 St aspect of the present invention, there is provided a 
dispersion slope equalizer for compensating signal dis- 
tortion caused by dispersion slope of a transmission line 
when transmitting lightwaves with plural wavelength sig- 
nals in the transmission line characterized by compris- 

15 ing: N (N: natural number) waveguides, N output 
wavelength demultiplexer and/or N input wavelengtii 
multiplexer, and K (K: natural number, KsN) group delay 
controllers; the N wavegukles being connected to out- 
puts of the wavelength demultiplexer and/or inputs of 

20 the wavelength multiplexer; in the group delay control- 
lers, one or both of input/output parts of lattice-form 
optical circuits being set on the N waveguides; wherein 
the lattice-form optical circuits are composed of two 
waveguides interleaved with at least two directional 

25 couplers, and the two waveguides are designed so that 
optical path lengths between the directional couplers 
are different 

[0008] According to a 2nd aspect of the invention, 
the wavelength demultiplexer and the wavelength multi- 

30 plexier are arrayed-waveguide gratings. 

[0009] According to a 3rd aspect of the invention, 
the group delay controllers are connected to N input 
wavelength multiplexer and the N wavegukJes are con- 
nected to only inputs of the wavelength multiplexer 

35 [0010] According to a 4th aspect of the Invention, 
the wavelength multiplexer is an anayed-wavegulde 
grating. 

[0011] According to a 5th aspect of the invention, 
the group delay controllers are connected to N output 
40 wavelength demultiplexer and the N waveguides are 
connected to only outputs of the wavelength demulti- 
plexer. 

[0012] According to a 6th aspect of the invention, 
the wavelength demultiplexer is an anayed-waveguide 

45 grating. 

[0013] According to a 7th aspect of the invention, 
the group delay controllers are composed of the combi- 
nation of the lattice-fomfi and transversal-fomn optk^al 

circuits. 

50 [001 4] According to an 8th aspect of the invention, 
there is provided a dispersion slope equalizer for com- 
pensating signal distortion caused by dispersion slope 
of a transmission line when transmitting lightwaves with 
plural wavelength signals in the transmission line char- 

55 acterized by comprising: N (N: natural number) 
waveguides, N output wavelength demultiplexer and/or 
N input wavelength multiplexer, and N group delay con- 
trollers; the N waveguides being connected to outputs of 
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the wavelength demultiplexer and/or inputs of the wave- 
length multiple)(er; In the group delay controllers, one of 
Inputs and an output of transversal-foim optical circuits 
being set on the N waveguides; wherein the transversal- 
form optical circuit is provided with first waveguide for 5 
one of inputs and M (M: natural nunr^ber, Ms2)direc- 
tional couplers for coupling M waveguides with the first 
waveguide at M different positions, and the M 
waveguides, after being coupled with the first 
waveguide, are multiplexed by a multiplexer into second w 
output waveguide. 

[0015] According to a 9th aspect of the invention, 
the wavelength demultiplexer and the wavelength multi- 
plexer are arrayed-waveguide gratings. 
[0016] According to a 1 0th aspect of the invention, is 
the group delay controllers are connected to N input 
wavelength multiplexer and the N waveguides are con- 
nected to only inputs of the wavelength multiplexer. 
[001 7] According to an 1 1 th aspect of the invention, 
the wavelength multiplexer is an arrayed-waveguide 20 
grating. 

[0018] According to a 12th aspect of the invention, 
the group delay controllers are connected to N outputs 
wavelength demultiplexer and the N waveguides are 
connected to only outputs of the wavelength demuiti- 25 
plexer 

[0019] According to a 13th aspect of the invention, 
the wavelength demultiplexer is an arrayed-waveguide 
grating. 

[0020] According to a 14th aspect of the invention, 30 
the group delay controllers are composed of tiie combi- 
nation of the transversal-form and lattice-form optical 
circuits. 

[0021] The dispersion slope equalizer according to 
the present invention comprises integrated-optic com- 35 
ponents, that is; a wavelength demultiplexer and^or a 
wavelength multiplexer and a lattice-form optical circuit 
and/or a transversal-fomri optical circuit By using this 
compact configuration, it is possible to compensate for 
the dispersion of various fiber transmission lines having 40 
various dispersion values and variation of dispersion 
value caused by the temperature change orthe like, and 
to simultaneously recover distorted wavefbrnns of WDM 
signals by dispersion slope of DSF or NZ-DSF at 1.55 
^m band. 45 
[0022] The foregoing and other objects, effects, fea- 
tures and advantages in the present invention will 
become more apparent by showing the following 
description of embodiments with the accompanying 
drawings. so 

Fig. 1 is a diagram showing the configuration of a 
first embodiment of the dispersion slope equalizer 
according to the present invention; 
Rg. 2 is a diagram showing the configuration of a ss 
lattice-form optical circuit shown in Rg. 1; 
Rg. 3 is a diagram showing a configuration exam- 
ple of a directional coupler shown in Rg. 2; 



Rg. 4 is a diagram showing a calculated character- 
istic example of the lattice-form optical drcult 
shown in Rg. 2; 

Rg. 5 is a diagram showing another configuration 
example of the directional coupler shown in Rg. 2; 
Rg. 6 is a diagram showing another calculated 
characteristic example of the lattice-fomi optical cir- 
cuit shown in Rg. 2; 

Rg. 7 is a diagram for explaining a case where the 
dispersion slope equalizer is set in front of a trans- 
mission line; 

Rg. 8 is a diagram for explaining a case where the 
dispersion slope equalizer is set behind a transmis- 
sion line; 

Rg. 9 is a diagram showing tiie configuration of a 
second embodiment of the dispersion slope equal- 
izer according to the present invention; 
Rg. 10 is a diagram showing a group delay charac- 
teristic example of an optical fiber; 
Rg. 11 is a diagram showing a configuration in 
which the wavelength demultiplexer and multiplexer 
of the dispersion slope equalizer in Rg. 1 are com- 
posed of anayed-waveguide gratings and all com- 
ponents of tiie dispersion slope equalizer are 
monolfthically integrated on one substrate; 
Rg. 12 is a diagram showing a configuration in 
which the wavelength multiplexer of the dispersion 
slope equalizer in Rg. 7 is composed of an arrayed- 
waveguide grating and all components of the dis- 
persion slope equalizer are monolithically inte- 
grated on one substrate; 

Rg. 13 is a diagram showing a configuration in 
which the wavelength demultiplexer of the disper- 
sion slope equalizer in Rg. 8 is composed of an 
arrayed-waveguide grating and all components of 
the dispersion slope equalizer are monolithically 
integrated on one substrate; 
Rg. 14 is a diagram showing the configuration of a 
third embodiment of the dispersion slope equalizer 
according to the present invention; 
Rg. 15 is a diagram showing a configuration exam- 
ple of the transversal-fbnn optical circuit shown in 
Rg. 14; 

Rg. 1 6 is a diagram for explaining a case where the 
dispersion slope equalizer is set in front of a trans- 
mission line; 

Rg. 1 7 is a diagram for explaining a case where the 
dispersion slope equalizer is set behind a transmis- 
sion line; 

Rg. 18 is a diagram showing the configuration of a 
fourth embodiment of the dispersion slope equal- 
izer according to the present invention; 
Rg. 1 9 is a diagram showing tiie sectional structure 
of a silica glass waveguide used in the first to fourth 
embodiments; 

Rg. 20 is a diagram showing an example of group 

delay characteristic of an optical fiber; and 

Rg. 21 is a diagram showing a configuration exam- 
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pie of a prior art dispersion slope equalizer. 
(Rrst Embodiment) 

[0023] Rg. 1 is a diagram showing the configuration 5 
of a first embodiment of the dispersion slope equalizer 
according to the present invention; 
[0024] In Rg. 1, the dispersion slope equalizer of 
the present embodiment comprises an input waveguide 
1 , a wavelength demultiplexer 2, waveguides 3-1 to 3-N, io 
lattice-fomri optical circuits 4-1 to 4-N, a wavelength mul- 
tiplexer 5, and an output waveguide 6. 
[0025] WDM signal lightwaves XI to W distorted by 
the dispersion slope are introduced into the input 
waveguide 1 and are demultiplexed by the wavelength is 
demultiplexer 2 into wavelength components. Then, 
these wavelengtii components are introduced into the 
lattice-fomi optical circuits 4-1 to 4-N for dispersion 
slope compensation, and are multiplexed by the wave- 
length multiplexer 5. Rnally, the multiplexed lightwaves 20 
are outputted at the output waveguide 6, thus achieving 
the dispersion slope equalizer. 
[0026] The wavelength demultiplexer 2 and the 
wavelength multiplexer 5 can be composed of not only 
arrayed-waveguide gratings (described in detail later), 2S 
but also cascaded configuration of Mach-Zehnder inter- 
ferometers, bulk-type optical filters, or fiber-type (or 
waveguide-type) gratings in series. 
[0027] Rg. 2 is a diagram showing a configuration 
example of the lattlce-fonn optical circuits 4-1 to 4-N. 30 
[0028] This lattice-form optical circuit has a configu- 
ration in which five asymmetrical ami pairs are cas- 
caded in series by setting six directional couplers, that 
is; asymmetrical Mach-Zehnder interferometers are 
cascaded in series. In Rg. 2, 7a to 7f are waveguides 35 
(waveguides 7a and 7b, and 7e and 7f are inputs and 
outputs, respectively), 8a to 8f are directional couplers, 
and 9a to 9e are control parts of waveguide refractive 
index. 

[0029] Four lattice-form optical circuits 4-1 to 4-N in 40 
Rg. 1 are connected to one of waveguides 3-1 to 3-N by 
utilizing one of the waveguides 7a and 7b and one of the 
waveguides 7e and 7f. 

[0030] The directional couplers 8a to 8f can have a 
configuration in which the two waveguides 1 0a and 1 0b 45 
are made approached each otiier, or a multi-mode inter- 
ference (MM!) coupler configuration. In this case, the 
coupling coefficient is fixed. By appropriately tuning 
waveguide phase in the control parts of waveguide 
refractive Index 9a to 9e, it is possible to make higher so 
frequency lightwaves pass through a longer or shorter 
optical path length in Rg. 2. Therefore, a dispersion 
equalizer can be achieved vi^hose group delay increases 
or decreases with increase of frequency. 
[0031] Rg. 4 is a diagram showing a calculated ss 
characteristic example of the lattice-form optical circuit 
shown in Rg. 2. Here, a delay time was derived by cal- 
culating a transfer function of the tattice-fbmi optical cir- 



cuit and obtaining the derivative of an imaginary part of 
tiie function with respect to an angular frequency 
[0032] This calculated example shows a case 
where optical path length differences of the asymmetri- 
cal Mach-Zehnder interferometers are 4.276 mm, 7.483 
mm, 7.483 mm, 7.483 mm, and 3.207 mm in the direc- 
tion of the right in Rg. 2, and a refractive index of the 
waveguide Is 1.45. 

[0033] The calculated result shows that the 
obtained dispersion values using the foregoing parame- 
ters are 830 psec/nm and -830 psec^nm. 
[0034] A different dispersion value can be obtained 
by changing the optical path length differences of the 
asymmetrical Mach-Zehnder interferometers. When the 
optical path length difference is made L times, the oper- 
ational bandwidth and the delay time is made 1/L and L 
times, respectively, then tiie dispersion value is made 
times. 

[0035] Also, when the cascade number of the 
asymmetrical Mach-Zehnder Interferometers is 
increased or decreased, absolute value of the disper- 
sion can be Increased or decreased, respectively. This 
is because that the delay time is increased or 
decreased by increasing or decreasing the total optical 
path length difference, respectively. 
[0036] Thus, each lattice-fonn optical circuits 4-1 to 
4-N can be designed so as to have a dispersion com- 
pensation value corresponding to each channel wave- 
length. 

[0037] Control parts of waveguide refractive index 
9a to 9e can be driven, for example, by using a thenno- 
optic or an electro-optic effect when using a glass or a 
dielectrk: waveguide, respectively Also, when a glass 
waveguide is used, semipemnanent phase shift can be 
achieved without electrical power, by applying a local 
heating and quenching with high electrical power for a 
photoelastic effect to the control parts of waveguide 
refractive index 9a to 9e. Thus, dispersion compensa- 
tion can be achieved without electrical power using the 
configuration in Rg. 2 and, consequentiy, using tiiat in 
Rg.1. 

[0038] Rg. 5 shows another configuration example 
of the directional couplers 8a to 8f in Rg. 2, which are 
composed of symmetrical Mach-Zehnder interferom- 
eter. 

[0039] Numerals 11a to 11f, 12a and 12b. and 13 
represent waveguides (waveguides 11a and 11b, and 
11 e and 1 1f are inputs and outputs, respectively), 
directional couplers (two waveguides are made 
approached each otiier), and a control part of 
waveguide refractive index, respectively. It is also possi- 
ble to replace the directional couplers 12a and 12b with 
MMI-type couplers. 

[0040] When the phase in control part of the 
waveguide refi^ctive index 13 Is changed from 0 to 2p, 
the coupling coefficient can be arbitrarily varied from 0 
and 1 by utilizing tiie interferometer's switching charac- 
teristic. It is also possible to replace the single symmet- 
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rical Mach-Zehnder interferometer in Rg. 5 with Mach- 
Zehnder interferometers cascaded In series. 
[0041] By appropriately tuning coupling coefficients 
of the directional couplers 8a to Bf and the waveguide 
phase in the control parts of waveguide refractive index 5 
9a to 9e, it is possible to achieve a dispersion equalizer 
whose group delay can be varied to various values with 
both signs with respect to frequency. 
[0042] Fig. 6 is a diagram showing a calculated 
example of the group delay characteristic of the lattice- w 
form optical circuit in Fig. 2 when the directional coupler 
In Rg. 5 Is used. 

[0043] Here, a case is shown where the number of 
the asymmetrical Mach-Zehnder interferometers is 6, 
optical path length differences in the all asymmetrical is 
Mach-Zehnder interferometers are 2.759 mm, and 
waveguide refractive index is 1.45. Also in this case, a 
delay time was derived by calculating a transfer function 
of the lattlce-fonm optical circuit and obtaining the deriv- 
ative of an imaginary part of the function with respect to 20 
an angular frequency. 

[0044] It is shown, by appropriately tuning coupling 
coefficients of the directional couplers 8a to Bf and the 
waveguide phase in the control parts of waveguide 
refractive index 9a to 9e, the arbitrary dispersion value 2s 
ranging from -584 psec/nm to 584 psec/nm can be 
achieved using the foregoing parameters. 
[0045] In this case, as the coupling coefficient of the 
directional coupler can be arbitrarily varied in the range 
of 0 to 1 , dispersion of various values with both signs 30 
can be achieved. This is different from the case shown 
in Fig.4 where the coupling coefficient of the directional 
coupler is fixed. 

[0046] By using the directional couplers 8a to 8f in 
the configuration of Rg. 5, the latttce-fonn circuits 4-1 to 35 
4-N having the following .merits can be achieved. It Is 
possible, by the single and compact circuit configura- 
tion, to adaptively compensate for the dispersion of var- 
ious WDM signals, the dispersion of various fiber 
transmission lines having various dispersion values, 40 
and variation of dispersion value caused by the temper- 
ature change or the like. 

[0047] Also as described before, when a glass 
waveguide Is used, semipemnanent phase shift can be 
achieved without electrical power, by can7ing out a local 45 
heating and quenching with high electrical power for a 
photoelastic effect Thus, dispersion compensation can 
be achieved without electrical power using the configu- 
ration in Fig. 2 and, consequently, using that in Rg. 1 . 
[0048] The configuration of the present embodi- so 
ment in Rg. 1 can be used for the in-line dispersion 
slope equalizer. When the dispersion slope equalizer is 
set in front of the transmission line, it is not necessary to 
demultiplex the wavelength division multiplexed signals, 
in this case, various wavelength s'^nals modulated by ss 
the data patterns are introduced Into the waveguides 3- 
1 to 3-N, and are transmitted into the fiber after pre-dis- 
persion slope compensation and wavelength multiplex- 



ing. Therefore, In such an application, the wavelength 
demultiplexer 2 can be omitted in Rg. 7. 
[0049] On the other hand, when the dispersion 
slope equalizer is set behind the transmission line, it is 
not necessary to multiplex demultiplexed signals again. 
In this case, photo detectors are connected to just 
behind the lattice-form optical circuits 4-1 to 4-N. There- 
fore, in such an application, the wavelength multiplexer 
5 can be omitted in Fig. 8. 

[0050] The elements 4-1 to 4-N in Figs. 1 , 7, and 8 
can be replaced with the combination of lattice-fbmi and 
transversal-form optical circuits. 

(Second Embodiment) 

[0051 ] Rg. 9 Is a diagram showing the configuration 
of a second embodiment of the dispersion slope equal- 
izer according to the present invention. 
[0052] In Fig. 9, the dispersion slope equalizer of 
the present embodiment comprises an input waveguide 
14, a wavelength demultiplexer 15, waveguides 16a to 
16h, lattice-fomri optical circuits 17a and 17b, a wave- 
length multiplexer 18, and an output waveguide 19. Both 
of the waveguides 7a and 7b in Rg. 2 and two of the 
waveguides 1 6a to 16d, and both of the waveguides 7e 
and 7f and two of the waveguides 16e to 16h are con- 
nected. 

[0053] In the lattice-form optical circuits in Rg. 2, it 
is confirmed that dispersion characteristic between two 
sets of Input/output ports, for example, dispersion char- 
acteristics between the input waveguide 7a and the out- 
put waveguide 7e and between the input waveguide 7b 
and the output waveguide 7f have the same absolute 
value with opposite sign. This was confimned because a 
transfer matrix of the lattice-fonn optical circuit shows 
unitary. 

[0054] As shown in Rg. 1 0, wavelengths XI and A4 
or 12 and A3 are symmetr'cally set around the zero dis- 
persion wavelength XO. The dispersion values of XI and 
A4 or X2 and X3 have the almost same absolute values 
with opposite sign each other. Tlierefbre, one of two lat- 
tice-form optical circuits can be used for dispersion 
compensation of wavelength X1 and signals, and the 
other for wavelength 72 and X3 signals. 
[0055] When dispersion compensation for 4 wave- 
length signals is earned out for example, the number of 
lattice-form optical circuits must be four In the configura- 
tion in Fig. 1 , but Its number can be cut down by half by 
using the configuration in Fig. 9. 
[0056] By replacing one lattice-fonn optical circuit 
17b with two transversal-form optical circuits, and con- 
necting waveguide 16b, transversal-fonn optical circuit 
A, and waveguide 16g, and waveguide 16c, transversal- 
fomi optical circuit B. and waveguide 1 6h, the number of 
devices can be decreased to 3. 
[0057] Rg. 1 1 1s a diagram showing a configuration 
in which the wavelength demultiplexer and multiplexer 
of the dispersion slope equalizer In Rg. 1 are composed 
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of arrayed-waveguide gratings and all connponents are 
monolithically integrated on one substrate. Rrst 
arrayed-waveguide grating demultiplexer 2a (AWG 1), 
second arrayed-waveguide grating multiplexer 5a (AWG 
2) and an an^ of tattice-fomri optical circuits 50 (50-1 to 
50-N) are integrated on a substrate 51a. 
[0058] By monolithically integrating all components 
on one substrate as shown in Fig. 11, unifbmnity of 
waveguide parameters are improved, and thus control 
of waveguide refractive index or the like become easy. 
Further, production process and packaging of the 
devk^e are made easy, and the devtee size is reduced. 
On the other hand, it is possible to connect separately 
prepared substrate(s) with lattbe-form optical circuit(s) 
to arrayed-waveguide gratings using an optical fiber or 
the like. 

[0059] Rg. 12 is a diagram showing a configuration 
in which the wavelength multiplexer of the dispersion 
slope equalizer in Fig. 7 is composed of an an^ed- 
waveguide grating and ail components are monolithi- 
cally integrated on one substrate. An arrayed- 
waveguide grating multiplexer 5a (AWG) and an array of 
the lattice-form optk^al circuits 50 (50-1 to 50-N) are 
integrated on one substrate 51b. The configuration in 
Rg. 12 is used when the dispersion slope equalizer Is 
set in front of the ti^nsmission line. In this case, various 
wavelength signals from the transmitters are pre-disper- 
sion slope compensated by the lattfce-form optical cir- 
cuits, and are transmitted Into tiie fiber after wavelength 
multiplexing at the an^ed-waveguide grating 5a. 
Therefore, the arrayed-waveguide grating demultiplexer 
2a can be omitted in Rg. 12. Also in this case, by mon- 
olithteally integrating all components on one substrate 
as shown in Rg. 12, unifomriity of waveguide parame- 
ters are improved, and thus control of waveguide refrac- 
tive index or the like become easy. 
[0060] Rg. 13 is a diagram showing a configuration 
in which the wavelength demultiplexer of the dispersion 
slope equalizer in Rg. 8 is composed of an arrayed- 
waveguide grating and all components are monolithi- 
cally integrated on one substrate. Rrst arrayed- 
waveguide grating demultiplexer 2a (AWG) and an amy 
of the lattice-form optical circuits 50 (50-1 to 50-N) are 
integrated on the substrate 51c. The configuration in 
Rg. 13 is used when the dispersion slope equalizer is 
set behind the transmission line. In this case, it is not 
necessary to multiplex demultiplexed signals again. 
Therefore, the an^yed-waveguide grating multiplexer 5a 
can be omitted in Fig. 13. Also in this case, by monolith- 
rcally integrating all components on one substrate as 
shown in Fig. 13, uniformity of waveguide parameters 
are improved, and thus control of waveguide refractive 
index or tiie like become easy. 
[0061] In tiie embodiments in Rg. 11 to Rg. 13, a 
case, where only an array of the lattice-fonn optical cir- 
cuits is used as the dispersion slope equalizer, is 
described. Also, an an:ay of the transversal-tbrm optical 
circuits and the combination of the lattice-form and 



transversal-form optical circuits can be used as tiie dis- 
persion slope equalizer. 

fThird Embodiment) 

5 

[0062] Rg. 14 is a diagram showing the configura- 
tion of a third embodiment of the dispersion slope equal- 
izer according to tiie present invention. 
[0063] In Rg. 14, the dispersion slope equalizer of 
w the present embodiment comprises an input waveguide 
20, a wavelengtii demultiplexer 21, waveguides 22-1 to 

22- N, transversal-fonn optical circuits 23-1 to 23-N, a 
wavelengtii multiplexer 24, and an output waveguide 25. 
[0064] Fig. 15 is a diagram showing a configuration 

15 example of the transversal-fbmi optical circuits 23-1 to 

23- N. 

[0065] The transversal-fonn optical circuits 23-1 to 
23-N have the following configuration. The lightwaves 
are introduced into the input waveguide 26a or 26b. and 

21? then are tapped at eight taps 27a to 27h, and are finally 
multiplexed again by the multiplexer 29 into the output 
waveguide 30. Numerals 26a to 26i and 28a to 28h are 
waveguides and waveguide control parts of refractive 
index, respectively. One of tiie waveguides 26a and 26b 

25 and the output waveguide 30 are connected to one of 
the waveguides 22-1 to 22-N in Fig. 14. 
[0066] Directional couplers shown in Rg. 3, MIVII- 
type couplers or directional couplers shown in Rg. 5 can 
be used as taps 27a to 27h. Star coupler, an MMI-type 

30 coupler, 2x2 directional couplers cascaded In series, or 
Y-branching waveguides cascaded in series can be 
used as the multiplexer 29. 

[0067] In Rg. 15, by appropriately tuning the cou- 
pling coefficient of the taps 27a to 27h and the 

35 waveguide phase in the control parts of waveguide 
refractive index 28a to 28h, the characteristic between 
the waveguide 26a and the output waveguide 30 or 
between the waveguide 26b and the output waveguide 
30, the group delay time can be approximated by an 

40 arbitrary shape function with respect to an optional fre- 
quency (see, for example, K. Sasayama et al., 'Coher- 
ent optk^al transversal filter using silica-based 
waveguides for high-speed signal processing," Journal 
of Lightwave Technology, vol.9, no. 10, pp. 1225-1230, 

45 October 1991). Therefore, it is also possible to obtain 
the characteristics in Rgs. 4 and 6 by using the configu- 
ration in the present embodiment 
[0068] Therefore, dispersion slope compensation 
for WDM signals is also possible by using the configura- 

50 tion in Fig. 14. 

[0069] It is possible, by the single and compact 
equalizer configuration in the present embodiment, to 
adaptively compensate for the dispersion of various 
fiber transmission lines having various dispersion val- 

55 ues and variation of dispersion value caused by the 
temperature change or the like. 
[0070] Also as described before, when a glass 
waveguide is used, semipermanent phase shift can be 
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achieved without electrical power, by carr/i ng out a local 
heating and quenching with high electrical power for a 
photoelastic effect Thus, dispersion compensation can 
be achieved without electrical power using the configu- 
ration In Rg. 14. 

[0071] The configuration of the present embodi- 
ment in Rg. 14 can be used for the in-line dispersion 
slope equalizer. When the dispersion slope equalizer is 
set in front of the transmission line, it is not necessary to 
demultiplex the wavelength division multiplexed signals. 
In this case, various wavelength signals modulated by 
the data patterns are introduced into the waveguides 
22-1 to 22-N , and are transmitted into the fiber after pre- 
dispersion slope compensation and wavelength multi- 
plexing. Therefore, in such an application, the wave- 
length demultiplexer 21 can be omitted in Rg. 16. 
[0072] On the other hand, when the dispersion 
slope equalizer is set behind the transmission line, it is 
not necessary to multiplex demultiplexed signals again. 
In this case, photo detectors are connected to just 
behind the transversal-form optical circuits 23-1 to 23- 
N. Therefore, in such an application, the wavelength 
multiplexer 24 can be omitted in Rg. 17. 

(Fourth Embodiment) 

[0073] Rg. 18 is a diagram showing the configura- 
tion of a fourth embodiment of the dispersion slope 
equalizer according to the present invention. 
[0074] In Rg. 18, the dispersion slope equalizer of 
the present embodiment comprises an input waveguide 
31, arrayed-waveguide gratings 37a and 37b, 
waveguides 34a to 34d, lattice-fomrt or transversal-fbrnn 
optical circuits, or the like 35a to 35d, and an output 
waveguide 36. The amayed-waveguide gratings 37a 
and 37b comprise slab waveguides 32a to 32d and 
arrayed-waveguides 33a and 33b. 
[0075] The configuration of Rg. 1 B shows a case 
where the wavelength demultiplexers 2, 15, and 21 and 
the wavelength multiplexers 5, 1 8, and 24 of the disper- 
sion slope equalizer in Rgs. 1, 9 and 14 are composed 
of arrayed-waveguide gratings. Here, by repladng ele- 
ments 35a to 35d with the lattice-form optical circuits in 
Rg. 2, the transversal-fonm optical circuits in Rg. 15, or 
the combination of these two circuits, a perfectly inte- 
grated dispersion slope equalizer can be achieved. 
[0076] The waveguides of the dispersion slope 
equalizer in the foregoing embodiments according to 
the present invention can be fomied by using silica 
glass waveguides 40a and 40b as shown in Rg. 19. 
[0077] Rg. 19 is a sectional diagram of the 
waveguide, and a waveguide fabrication procedure in 
first to fourth embodiments wilt be described by referring 
to the drawing. 

[0078] Rrst, a Si02 under cladding layer 39 is 
deposited on a Si substrate 38 by a flame hydrolysis 
deposition metiiod. Next, after a Si02 glass core layer 
mixed with dopant Ge02 is deposited on the Si02 under 



cladding layer 39, consolidation is canied out using an 
electrical furnace. 

[0079] Then, by etching the core layer using pat- 
terns shown in Rgs. 1 to 3, Rg. 5, Rgs. 7 to 9, and Rgs. 
5 11 to 18, cores (silica waveguide) 40a and 40b are 
formed. 

[0080] Next a Si02 upper cladding layer 41 is 
deposited again on the Si02 under cladding layer 39 on 
which the cores 40a and 40b are formed, and consoli- 
10 dation is candied out again by the electrical furnace. 
Rnalty, thin film heaters 42 and metal interconnection 
are fomned on some optical waveguides by an evapora- 
tion. 

[0081] In the dispersion slope equalizers in first to 
15 fourth embodiments whose waveguides are formed by 
the foregoing method, the thin film heaters 42 can be 
used to carry out phase control of waveguides by 
thenno-optic effect 

[0082] The waveguides forming the dispersion 
20 slope equalizer according to the present invention are 
not restricted to the glass waveguides, and it is obvious 
that dielectric waveguides, semiconductor waveguides, 
polymer waveguides, and optical fibers or the like can 
be applicable to the equalizer. Furttier, it is also obvious 
25 tiiat the equalizer can be realized by hybrid-integrating 
several types of waveguides. 
[0083] The present invention has been described in 
detail with respect to prefenied embodiments, and it will 
now be apparent from the foregoing to those skilled in 
30 the art that changes and modifications may be made 
without departing from the invention in its broader 
aspects, and it is the intention, therefore, in the 
appended claims to cover all such changes and modifi- 
cations as fall within the true spirit of the invention. 

35 

Claims 

1 . A dispersion slope equalizer for compensating sig- 
nal distortion caused by dispersion slope of a trans- 
40 mission line when ti^nsmitting lightwaves with 
plural wavelength signals in the transmission line 
characterized by comprising: 

N (N: natural number) waveguides, N output 
45 wavelengtii demultiplexer and/or N input wave- 

length multiplexer, and K (K: natural number, 
K^N) group delay controllers; 
said N waveguides being connected to outputs 
of said wavelength demultiplexer and/or inputs 
so of sakj wavelength multiplexer; 

in said group delay controllers, one or both of 
input/output parts of lattice-form optical circuits 
being set on said N waveguides; 
wherein said lattice-fonn optical circuits are 
55 composed of two waveguides interieaved with 

at least two directional couplers, and said two 
waveguides are designed so that optical path 
lengths between said directional couplers are 
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different. 

2. The dispersion slope equalizer as claimed in Claim 
1, characterized in that said wavelength demulti- 
plexer and said wavelength multiplexer are arrayed- 
waveguide gratings. 

3. The dispersion slope equalizer as claimed in Claim 
1 , characterized in that said group delay controllers 
are connected to N input wavelength multiplexer 
and said N waveguides are connected to only 
Inputs of said wavelength multiplexer. 

4. The dispersion slope equalizer as claimed in Claim 
3» characterized in that said wavelength multiplexer 
is an anByed-waveguide grating. 

5. The dispersion slope equalizer as claimed in Claim 
1 , characterized in that said group delay controllers 
are connected to N output wavelength demulti- 
plexer and said N waveguides are connected to 
only outputs of said wavelength demuttiptexer. 

6. The dispersion slope equalizer as claimed in Claim 
5, characterized in that said wavelength demulti- 
plexer is an anayed-waveguide grating. 

7. The dispersion slope equalizer as claimed in Claim 
1 , characterized in that said group delay controllers 
are composed of the combination of the lattice-fbrnn 
and transversal-fomn optical circuits. 

8. A dispersion slope equalizer for compensating sig- 
nal distortion caused by dispersion slope of a trans- 
mission line when transmitting lightwaves with 
plural wavelengtii signals in the transmission line 
characterized by comprising: 

N (N: natural number) waveguides. N output 
wavelength demultiplexer and/or N input wave- 
lengtii multiplexer, and N group delay control- 
lers; 

said N waveguides being connected to outputs 
of said wavelengtii demultiplexer and/or inputs 
of said wavelength multiplexer; 
in said group delay controllers, one of inputs 
and an output of transversal-fbrnri optical cir- 
cuits being set on said N optical waveguides; 
wherein the transversal-fomri optical circuit is 
provided with first waveguide for one of inputs 
and M (M: natural number, Mg2)directional 
couplers for coupling M waveguides with said 
first waveguide at M different positions, and 
said M waveguides, after being coupled with 
said tirst waveguide, are multiplexed by a multi- 
plexer into a second output waveguide. 

9. The dispersion slope equalizer as claimed in Claim 



8, characterized in that said wavelengtii demulti- 
plexer and said wavelengtii multiplexer are arrayed- 
wavegulde gratings. 

5 10. The dispersion slope equalizer as claimed in Claim 
8, characterized in that said group delay controllers 
are connected to N input wavelength multiplexer 
and said N waveguides are connected to only 
inputs of said wavelength multiplexer. 

10 

11. The dispersion slope equalizer as claimed in Claim 
10, characterized In that said wavelengtii multi- 
plexer is an an^ayed-waveguide grating. 

15 12. The dispersion slope equalizer as claimed in Claim 
8, characterized in that said group delay controllers 
are connected to N output wavelength demulti- 
plexer and said N waveguides are connected to 
only outputs of said wavelength dennultiplexer. 

20 

13. The dispersion slope equalizer as claimed in Claim 
12, characterized in that said wavelength demulti- 
pl&cer is an arrayed-waveguide grating. 

25 14. The dispersion slope equalizer as claimed in Claim 
8, characterized in that said group delay controllers 
are composed of the combination of the transver- 
sal-lbrm and lattice-fonn optical circuits. 

30 
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